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Beéaugé the’ fensile stréngfh ‘gand?fénsile’ yield strength
-of" alloy 758-? ars éppregiabiy Bighér tHan”thoss of the ma-
‘tefiais Gped"Yh the teghé leading to thé”dsé of the straight-
line column CQrve.‘it appeared a&visable ‘to.establigh the
“gurve of éoldin? §trength by-test fathér than by extrapolation
v 8f'reldtione deterdined etpiricdlly in- ‘the earlier ‘tesfs:
Typiceal properties aof 758-T extrusions are;
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The object of this investigation was to determine the:
curve of column strength for déxtrudéd aluminum alloy 758-T.
In addition to three extruded shapees, & rolled-and-drawn o
round rod was included. Specimens of various lengths covar-
ing thé’ raﬁgé df éf@edt{vé sfandérnesé'rétidy‘up to about.
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nominal density of the material. (0 101 1b per cu 4in.).
The areas of the rectangular bars and the r ound rod were
determined from tHe meastirdd dimeisishs, The crookedness
of the varlous specimens was.measured by placing thickness
zBages bthean tbe ggepimen and a plane surface upon which
1t rested,” The enéa of the- ‘Epboinensiwere finished flat.
and parallel by turning the specimens on an arbor or 1n" _
e steady—rest ih'a iathe, & icY ffadae-i . Lo

The mechanical propertles of the materials used are
given in table II, The - tbnsile téBts were made in mccord—
ance with A,5.7.M. Standards for Tension Testing of Me-
,lﬁﬂglig Vateriala (E8-43) In the case of the angle,
/&—inch—wide sbebimenb'were us'ed. . In the case of
%Jéur ;pctangular ‘bars and round .rod&,,- :1/2~inch—diameter N
. rgunﬁ specimens’ were taben firom the ygenter of; the section,,
Thq tensile propertief 'Of 'the cextrus fons: giwen in tabdle ;1
gn fair agfeement wiﬂh‘the typicarswdlw&s and are .
therefore well" ‘above 'the 'spedtfied o 4 Lkwn qalges. Etched
cross sections Of "theé ‘Yars ‘shoewéd'uniform. struoture through~ ‘
out the cross section.
- B
Compredsiva strg;s—etrain curves pbtgined nith gpec— .
imens of the full cross section are shown in'- ﬁigure 1. )
In the case” of the angle and rectangulsr bars,,the .re— :
5};2 m9v9ment of the platens of the testing machine wag :?
erpreted 1ntHs'treins. The strains in the:round rod
were measured with a Ewing extensometer. A correction
was applied to the indicated strains in order to obtain
an initial slope of thé stressciatrain curve egual to the
nominal velue of compressive modulus of elasticity,
20 J,500 000, ps 1.
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Ths column tests were made us ing the conditi@na qf St

flat ends. The fixed platens of the testing machine were

alined - parallel within O, OOOB-Jnch in 12 inches, and the

specimens were caref&lly centéred “éx the platene., The

ends off the specimens were thus restrained to the extent
o) that the bearing§ Aid.pot:$4ps . Bxperience has indicated .
"* tHat *this méthod* 8% tepsd ing. A9 rpraetical ly,.9quiyalent to

the conditidn: of: £i; xgdrendsy thus,vithe.value of the go— ‘

efficidnt - deécribing the end. gondikipns,. K has been taken

equal %o O 50, \ 4
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“hnoea Toooay dibe wbedstls were waYE il lan Wisler ‘Kydréilic testing ma-
4. Trivialehine (k ype LBOZBDND igeril Wo. -5254) havids & maximum
_"H*a Bi e lowpla ol By J9E1B00, 000! ipotthit’s ‘Bnd 1%t rnlediate Tbad ranges of
8dd v B0y 000y IO, 0005 el ‘20043000 Yohrds. "The 1dad range used
¥ 0 edd wall gweftigufifd ei%t Yol 'pr odules Fasiutel ‘0F the specimen so
rusubor dosphet whkinhr AFeRs It TVt Ao hobhrany whre obtained. The
Cht BGT peritgd el wellittrtich 0T thle’ whthine' 1'nficates that the er-

.u»&ﬁr&'&b&guvna#ﬁ%“i%Ha%%%%ﬁ%ﬁé?héf@ffﬁ?ﬁ*ﬁﬁhgﬁ%l;pe:cent for the
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RESULTS AND DISCUSSION _
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srf o tdounn@ue kesnlbeto i thet Colubn® testl’ ake  ®i%eh in table I
ahdrfigurds' B b 5%55Ih*ahdi%ioh*%o‘%hé*iﬁifffeéuIﬁEI these
figures show four curves of column strangth. One of these

() . is the prd;naiyﬁﬂ?;er pugvg representing the equation:
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compresgivgsmpdulyshof:elasticity,((psi)“taken here as
10,500,000 psi for 755-T (reference 1)
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The second curve is Engesser's interpretation of the
. Buler, curve. - lts. equation is,0f;4he same. form as that of
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the Buler curve, the difference being the use of an ef—
fective 'modulus of elasticity instead of the initial
modulus ,in - Qrédér to take into account the inelastic be—
havior of the material at average stresses above the '
pr0portional 1imit, Experience indicates that the ef—

fective modulus ‘ckn be taken equal to the tangent modulus

which is the. 81023 0f the stress—strain curve, Thé re—
latioqa between the compressive stress and the téngent

zmodulus .are shown: ‘fn figure 6, Although the tangent modulus

¢ gotudn curve represents the test results fairly well, it

is not sultable for general engineering use.

The third curve in figures 2 to 5 is simply a straight

line drawn tangent to the Fuler curve and is = type with
considerable use in general -engineering practice., The .

cYS campressive yield etrength psi,;: S har

_ equation of. the straight line‘is of the form. ' PR
' RIS -_ " o § - - S ek, o
pogenti e R ‘E =B = c(KL/ (reference 2) (2)
s i A
where S . f
e . o . - - ) 1S 5
B intercept at zero slenderness ratie, CYS_1+536666—~
C sl.ope of the straight line
and

These straight linés are those that would be predicted from
an extrapolation of the rules established previouely and |

are to be used in the range of slenderness. rajfips: less
than that at the point of tangency with the Euler curve,

For these t ests the'straight line is generally conservw-;i
tive for stresses less than about 90 percent 'of the ‘dom~
pressive yleld strength, and at a slenderness ratio of .

about 40 the conservatism amounts to as much as about '
10. percent. For—slenderness ratioés less than about 20
the" sﬁraight line lies somewhat above the test results.
The: etraight—line type equation does not fit these data

ag weIl as it did earlier data on lower etrength alloyshr

Thegfourth qurve 1n figufes‘z to 5,13 a parabola
tangqnt tao.the Buler curve and is of a type which i»
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also common in gener%; gngineering practice. The equation
is of the form. TN e ffae s R

R L N .-
St . . : - R e

i se widea =R Gﬁ*—> - (3)
I [ T * :{-’ ta IW ” 1es '.!'. r-‘- - R I.._‘_
where - . . i Y == s LS n- " "‘.“F -_':.’. . .._'_ . __‘ i - . ° . "_‘
~e fI0L :'::»E.E'.l':. 2. P B ‘ ' [ orotiefze
F intercept ats zero aleﬁﬁepneas ratio _ )
- g L . “ . REED v [
and P .L
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'Il': Fom 3 : CIEN
G coeffiéien@ %ﬁéﬁ.magégz hg,p@gabola tangent to the
Enlpr duwggr “&H7 v TTTUL G 1t 3
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In general; tHiE type of"cirve4fits the data better than )
the 'straight’ line:"Iﬁ hathg%:qdvantage that 1t does not
rise excesdsively’ @B Sve the test results in the range of
slendserness ratios less than about 20. Asg is the case with
the straight 1ine. th@ arqpqlic.cu{ﬁeuif ‘t'o--be used only
in the renge of slePder;qu,;a$io 1lems bhan that at the
point of %angency or, } hgsg;a@mpaxisbms the best value of
F seems %o be abodt_?,E percent. grepfer:than’ the comprese
sive yleld‘ strengti’“ P gSiblygalgaaexal relation between
this intercept and e compreegigexyiela strength can be dg-
velopéd later from study of .tegf.resulte. frém- ‘materials
covering a ‘wider’r of" gompresstvg -yetld .sbrengthse., For
material having é“cqmgress Yq yleld gstrengtli equal to the
typicel tensile yiel& stqengtq (%Q OQO psi) the equation of

the parabola ie: " R A w.p,.
dmanaa Cas _a P bl
P
~ = 86,000 - 17.9 Kﬁ\ | ‘@
. sBdndmyoded fion w23
amtmanid, o yGarIaT o SEIVES

Figure 7 gives a comgpxisop ofrthe, eoluth? curves "based-
on the tangent modﬁ&i for the four sections tested. The
difference in mechanical properties 1s reflected in these_

curves. e TV R
CONCLUSIONS
.1 . K on '}“"’-;l i T e e
.:,_f.n !: e .-.“1 ot Lh 3 "t"

" aq~1“ULﬁ b
The following édnclusions have been drawn from the re-
sults of tests and discussion of flat-end column feste on
75S8-T extruded shapes and,  Ioiled-anid~ drawn riod preaeﬁtbd in
this reporst: U ,i _,_Jq - -‘~-11 TIERE TN
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1. For .column strengthg in the elsstic stress range,
the test reesults agree fairly well with the ZEuler column
curve for columns with fixed ends.

2. FPor column strengthe above the elastic stress rangs,
the test results agree satisfactorily with 'the tangent mod-
ulue column curve for columns with fixed ends. The equa-
tion defining this curve leg of the same form as the Euler
column formula (equation (1)), the difference being that
tangent-modulus rather than' 1nitial modulus is used. B

3. The stralght-line column curve tangent to the Huler
curve using empirical constants based on previous tests on
lower strength alloys lles ‘below the teet results for‘cal-
unn strengths less than about 90 percent of the compreﬁaive
yield strength of the material and lles above the test re-
sults for column strengthe greater than this.  The straight—
line type of curve does not appear to represent the data
satiefactorily e _ . - T

T Nt REYOULE

4, The parabolio-column curve.tmmgant to the Euler

curve agrees.well enough with the ' test rewults that it
might be used.for general destgn purposes for slenderness

ratios less than that at the point- of tangehcy:" In the case ~

of the material tested, whieh had compressive yleld

strengths of 78,000 to 87 00© pseil, the most- eatisfactory iﬁ- _'

tercept on the- axis of zerop slenderness ratio seems to be
1.075 timee the compressive yield strength., Additional data

on other alloys having high 'compressive yieldostiengths will_

be useful in.establishing a gendral relation-between the
compressive yield strength and this intercept. o
N .
- . HPEI U R DO, ¢
Aluminum'Regearch Laboratories,.
Aluminum Company of America,
New Kensington, Penna,, April 24; 1945. B
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TABLY, I.- DESCRIPTION OF SPECIMENS AND RESULTS OF TESTS - OOLUMN STRENGTH OF ALUMINUM ALLOY 788-T
[ RN _
[Bpecimena tested as columns with flat endﬂ]
Specimen Length Yolght Effective Measured _Ratio, Ultimate Oolumn
number ) slenderness |- -crookedunéss, 'Lfe load, strength,
L ratio, s ; P + P/A
H xL/r1 ; T
(in.): (1v) (in.) | (1v) (psi)
; . '
Ex{rided Angle, 1 by 1By 3/16 in. Dia'No. 79-B. . (Ares, 0.357¢ sq in.)
g-28 28,33 | e 1 sr0: ] ce.o1s 2,650 3,900 10,910
6-31 30.67 ! 1.106 77.5 0.0 4,780 &.150 17,310
8-23 83.00 | 0.833 58.4 0.003 11, 500 10,620 30,560
8-19 19.08 : 0.880 i8.4¢ - 0.008 3,180 16,150 42,390
6-17 17.19 ; 0.620 43.5 0.004 4,300 18,475 51,680
6-18 15.31 0.563 8.8 0.001"" 16, 510 323,250 62,360
813 13.40 0.486 34.0 0.008" 2,330 34,000 67,150
8-10 9.580i 0.348 (34,3, S - 37,280 76,330
6-8 7,596} 0,275 18.3 - 0.001 7,800 28,100 78,830
8-6 5.796 0.a10 14.7 S - 28,800 80,020
64 3.900 0.141 5.9 - . - 30,100 84,330
Extruded Bar, §/8 by 8} in. (0.633 by 2.364 in.) Die No. 83513-EG. (Arem, 1.410 eq im.)
- “ . —01 . " _..
17-39 1 39.18 5.80 108.8 0.083 E" 1,700 11,350 8,050
18-29 39.03 4.13 80.7 0.008 = 4,880 ) 31.c5)gg 14,880
18-233 21.77 . z.i0 - 80.5 ... 0.008 3.720 " 38, 37,300
1812 18.18 | 3.58 50.5 . 0.008 2,330 59,800 43,300
- . -l - . L
18-18 15.35 - 2.80 42.86 -* 0.008 2,580 74,000, 52,480
lg-14 14.80 : 3.08 40.5 0.008 2,430 | 80.400° 57,030
18-13 13.70 1.81 35.3 0.005 8,540 |- 93,350 65,430
17-11 10.987 1.s7 30.4 © 0.004 3,740 |" 99,000 70,310
17-9 9.088 i3 | " ss.2 T 0.004 3,870 106,000 75,180
17-7 7.401 1.05 30.6 0.001 7,400 108,500 77,660
17-5 5.558 0.79 15.4 0.003 3,780 313,000 80,140
174 3.751 0.54 10.4 - - -8131,000 285,830
Ixtruded Bar, 1 by 2'in. (1.001.by 3.010 in.) Bie No. 33513-EV. (Ares; 2.013 sq in.)
' e - . P - v -
30-58 57.80 11.82 100.2 ° }: o0.085 3,310 30,000 9,940
30-46 48.30 9.47 80.3 0.013 8,580 . 33,400 16,600
30=35 34.75 7.09 80.3 0.021 1,680 * 57,300 35,430
18-39 35.00 5.80 50.2 i 0.013 3,330 ¥'.80,300". 39,860
19-38 26.13 " '5.33° " 5.2 ¢ 0.018 1,450 " 96,300 47,810
19-33 33.19 4.74 40.1 0.004 5,780 120,000 9,640
19-20 30.47 4.18 35.5 0.011 1,860 136,000 . 67,840
19-17 17.40 3.56 30.3 0.008 3,900 -160,900, 76,000
8115 14.56 2.99 25.3 9:008"" 2,430 186,500 83,360
81-12 11.893 - 2.39 30.3 0.00% 2’820 168,000 83,500
20-9 8.738 1.78 16.1 - - 171,000 84,990
31-8 5.880 1.30 10.3 , - - 8180,500 Bgg,710
: ke _ i « v
Rolled and Drawn Rod, 1 .in. Diemetsr, (0.896 in.) (Avea, 0.7781 eq in.)
; .. e N H . - —
A-50 50.00 3.950 |.. 100.3 0.010 5,0p0 7,800 10,010
A-40 40.00 3.0 80.4 0.005 8, 13,400 15,930
B-30 30.00 2.381 80.3 0.004 7,5 33100 28,370
B-35 35.00 1.978 | . _ 50.3. .- - 31,800 40,940
B-23 32.50 1.770 45.3 - -; 38,900 . 49,930
B-230 : 1:579 0.3 0.004 5,000 8188 - 29,810
B-18 17.50 1.381 35.8 | 3 = - 153,150 884230
B-15 1s.00 1.187 301 | . .= - 56,600 _ 7I,380
B-13 13.50 ' 0.988 361 C - -1 57,000 74,180
B-10 10.014 0.800 20.3 - - . 58,200 74,700
A-8 7.536 0.800 15,1 - -t 63,150 78,77Q
A-5 5.026 0,400 ST - - 66,100 B4 ,840

£

Iy taken as 0.50.

Syaximum load ;pplie;, apscimen did not

fail



TABLE II.- PROPERTIES OF HNATERTAL ~ INVESTIGATION OF COLULN STRENGTH OF ALUMINGA ALLOY 755-T

|| {Tensile tests mads on 1/2-in.-wide regtangular or 1/2-in.-disweter round specimeps in
accordsnce with A,S.T.H, Standards for Temsion Testing of Metallic luterials (E8-42)]

[Compressive tests made on spocimens of full cross section]

Tensile Compressive
yield yield
strength strength
Tengile {offget = |Elongation| (offset =
Shape Dimensions atrength 0.2 percent)] in 2 in. | 0.2 perceut)
(in.) (psi (psi) {percent) (pei)
Extruded angle 1 by 1 by 3/16 85,400 77,100 10.5 80,300
Extruded bar 8/8 by 2% 86, 800 78,800 9.0 80, 000
Extruded bar 1lby?2 87,700 80, BOO 11.0 87,000
Iolled and 1-in. diam, 83,200 72,600 14,0 77,800
drawn rod
i c: f .

".’.‘*'i

[ T

"ON NI VOTH

Y001

I Aok
. .




90,000

80,000

70,000

80, 000

pail

P/A,

.50,000

540,000

Qompress

10,000

0d

30,000

YOOT “ON K1 YOVA

/ AN ,71,/’67[ ! /
/ + i /r/ " / /7‘/
4 /4 A i
AT T AT
[ A/ / /
AT Y
[ /] i /
/ / / /
f( ZV Z? /f
/ /[ / /
; 7 J4 )4
/ / / /
/ V111V i
%'Eﬂ‘%‘ "2 x 2} in, bar /1;{2 in. bar /lin. round Todl
| ANENARENE
| / /
/ | AREN bl

)—-o.ooa -]

Strain, in. Jiu,

Figurs 1.~ Conpressive strasa-straln curves of 758-T. The data shown were corrected to give an
1t1:1 glops uqm]. to that of the nominal modulus of the matarial,
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80, 000 === <% — -}. in which £ = 10,500,000 psi
\olﬁesnhe . \K (_xrz,_
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N \{%t = 72213 Ln which E' = tangent modulus
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Figure 2.~ Oolusn strength of 768-T 1 x 1 x 3/168 in. extruded angle, Speoimeans tested
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